To enable the rapid and accurate identification of Vibrio splendidus-related and V. aestuarianus strains associated with Pacific cupped oyster Crassostrea gigas mortality, we developed a duplex Taqman realtime PCR assay and evaluated its efficacy. This technique proved to be rapid, sensitive, and specific and will be particularly valuable for epidemiologic studies.
Since 2008, severe seasonal mortality events of juvenile cultured Pacific oyster Crassostrea gigas have been recurrently reported in Europe, especially along the whole French coastline. Mortality rates range from 60 to 90% (Martenot et al., 2011) . Diagnostic analysis of abnormal mortality outbreaks in French mollusc aquaculture, based on the scheme edited by the European Council Directive 2006/88/EC on aquatic animal's health, resulted in the positive detection of one virus, herpes virus type 1 (OsHV-1), and two bacteria, Vibrio splendidus-related and V. aestuarianus, found at a high prevalence of 76% and 51%, respectively, in 2008. These infectious agents were shown to exhibit virulent abilities in experimental infection trials (Goudenège et al., 2015; LunaAcosta et al., 2011; Saulnier et al., 2009; Schikorski et al., 2011) . Recently, it has been shown that these agents can act solely or in concert (polymicrobial disease) in the field (Lemire et al., 2014; Petton et al., 2015) . There is an urgent need to rapidly detect Vibrio splendidus-related and V. aestuarianus to gain a better understanding of the epidemiological significance of their association with or without other infective agents, such as OsHV-1, and the effect of such interactions in detrimental environmental or host factors.
In the past decade, molecular typing methods have revolutionized bacterial species determination due to high reproducibility and discriminatory power. They encompass whole-genome typing methods, such as partial or complete genome sequencing, DNA-DNA hybridization, DNA fingerprinting methods and the widely used multilocus sequence typing (MLST) analysis (Sawabe et al., 2007 (Sawabe et al., , 2013 . Previous studies performed by MLST analysis of housekeeping genes have evidenced that V. splendidus-related strains belong to the Splendidus clade and encompass at least 17 species (Table 2 ) having a high degree of genetic similarity (Lasa et al., 2013) . The recent increase in newly described species isolated from C. gigas oyster (Gonzalez-Castillo et al., 2016 and our phylogenical analysis on other strains isolated from oyster based on the high discriminatory power of the gyrB gene observed for V. splendidus-related strains (Fig. S1 ) suggest that other Vibrio species not yet described may exist inside this clade. To rapidly identify bacterial colonies obtained by classical culture methods, we developed and validated a Duplex Taqman real time PCR Assay (DTA) for co-determination (in a single reaction tube) of all V. splendidus-related strains (rather than a particular Vibrio species) and V. aestuarianus bacterial isolates, using for the last Vibrio species an already developed real time PCR assay (Saulnier et al., 2009 ).
Sequence alignment comparisons between housekeeping genes available in Genbank consisted of 16S rRNA, recA, rpoA, toxR and gyrB. We selected one gene, 16S rRNA, which displayed a 25 bp long region that was conserved for all V. splendidus-related strains, except for V. chagasii, V. fortis, V. gallaecicus, V. hemicentroti and V. pelagius, and was divergent from other Vibrio. Taqman probes targeting this region and flanking primers were designed with the aid of Primer 3 software (Table   1) . A total of 44 Vibrio species reference strains were used to assess the specificity of the oligonucleotide probes and primers (Table 2 ). All strains were grown for 96 h at 20°C on plates of Marine agar 2216 (Difco) and DNA extracted by a 10 min boiling procedure in ultra-pure water (Sigma) as described in Saulnier et al. (2009) . Two biological replicates from distinct colonies were tested for each bacterial strain. Real-time PCR assay was performed, as described by Saulnier et al. (Saulnier et al., 2009) results using a taxonomic-independent approach, sequencing analysis (Genbank accession numbers in Table S1 ) was performed on randomly selected strains in each oyster batch (1) from the DTAnegative strains (16SrDNA sequencing on 59 of the 105 negative strains) and (2) T and LMG 4042 T reference strains (Stackebrandt and Goebel, 1994) . However, a mismatch occurred for eleven negative V. splendidusrelated strains that were tentatively classified as V. fortis (n=4) or V. chagasii (n=7). All 15 randomly selected DTA-positive V. aestuarianus strains were found to be affiliated to V.
aestuarianus ( 
